INTRODUCTION
The secreted signaling molecule Hedgehog (Hh) and its associated transduction pathway are conserved across much of the animal kingdom, from insects to vertebrates (1) . The Hh pathway plays a fundamental role in such diverse processes as brain development, endodermal tissue formation and axis formation, and has been implicated in a variety of human diseases.
The Hh signaling molecule has been found to act as both a mitogen and a morphogen (2, 3) . The pathway has been shown to have effects on cell proliferation, cell survival and cell fate determination and plays a key regulatory role in embryonic development (4, 5) . Mutations in the pathway often result in gross defects across species (6-9). Hedgehog's regulatory role in embryonic development is the subject of active investigation in the embryonic stem cell research community.
The adult human Hh pathway is thought to be involved in normal tissue maintenance and repair processes (10) . Tissue damage activates the Hh pathway, which in turn stimulates adult stem cells to initiate mitosis and to begin production of growth factors. Given its role in cell-cycle regulation and growth factor production, it follows that misactivation of the Hh pathway may potentially have profound effects on a tissue's ability to control its own cell proliferation (11, 12) . It is not surprising that the Hh pathway has been implicated in a number of cancers particularly in tissues needing frequent repair such as the lungs and intestinal lining (13) (14) (15) . Misactivation of the pathway has also been found to be involved in Basal Cell Carcinoma (16) (17) (18) (19) .
Given its broad range of involvement in disease and organism development, the Hh pathway is of interest to a wide variety of research communities. However, a complete mechanistic understanding of the pathway remains elusive. The immense number of avenues of active research and the wide range of sub-disciples involved has presented a challenge to researchers in the field. There exists a need for a central repository of information pertaining to the Hedgehog pathway. Such a repository would provide a means of collecting, collating and correlating data from disparate sources. Our goal is to provide such a resource.
In the current version of the database we provide a selection of high-quality Hh pathway annotation as well as a compilation of resources useful to investigators in the Hh field. Our emphasis is on providing access to data that may not be readily available without extensive literature or external resource searches. Much of the data found in the database relies heavily on human curation efforts and as such provides a unique aid to researchers. We also provide a central location from which to link to external sources of other relevant information. 
DATABASE DESCRIPTION
The Hedgehog Signaling Pathway Database can be accessed at http://www.hedgehog.sfsu.edu. The public interface to the data is through a web portal with a familiar 'drop down' menu structure providing ready access to the various resources available on the site. Retrieved information is displayed largely in static, tabular form with limited sorting functionality. Future iterations of the database will include a more flexible and interactive user interface. What follows is a brief description of the major elements of the database.
Genes in the pathway
The database contains all major known genes in the pathway. Genes are sorted according to their roles in Hh production, Hh reception or transcriptional response. Upon selecting a gene the user is presented with a page displaying all known orthologs across six model organisms (rat, mouse, chicken, zebrafish, human, Drosophila). Each of the orthologs is linked to a gene summary page with information pertaining to the gene.
Gene summary
Each listed gene has an associated summary page (Figure 1) . Displayed on the summary page is a collection of pertinent information such as orthologs, gene synonyms, sequence data, microarray data and computational evidence of pathway affiliation. In addition, SMART protein motifs (20) and ENSEMBL transcript structures (21) are displayed as visual gifs.
Diseases
Extensive literature searches have been combined and collated into a list of diseases and human mutations known to be associated with the Hh pathway. Where available each disease entry includes information on implicated gene(s) as well as the affected tissue. Publication references and OMIM (22) links are also provided.
Human mutations
All available human mutation data pertaining to the pathway has been collected and sorted by the affected gene. Information with respect to the disease or defect associated with the mutation as well as specifics such as mutation type and nucleotide position can be viewed for each of the listed genes.
Hh investigator resources
We have collected a number of resources that active bench researchers in the field will find useful. These include a list and description of useful reagents along with the supplier catalog links, data related to embryonic stem cell research as it pertains to Hh pathway research, grants and patents related to the Hh pathway, RNAi gene screening data with links back to FLYBASE (23) , and a zebrafish microarray based screen of vertebrate transcriptional targets (24) .
Publications
A great deal of effort has gone into creating a hand-curated collection of Hh-related publications. Each publication was scanned for a variety of criteria such as genes studied, model organism used, pharmacological agents and cell lines employed, and target disease if any. In addition, text was extracted from each paper that summarizes the major results. These excerpts were hand selected and are intended as an adjunct to standard publication abstracts to aid the researcher in determining whether a particular paper warrants further investigation.
Our goal in creating this compendium of publications is to provide a comprehensive list of Hh-related research papers. Of course, we have included those papers that deal explicitly with the Hh pathway and are likely to be returned using standard searches of PubMed. However, we have also included references that may be of interest to Hh researchers but were generated from outside the Hh community and might otherwise be overlooked. Planned upgrades of the web interface to our database will allow easy searching and grouping of publications and will provide the opportunity for novel connections to be made across disparate fields of study.
FUTURE DEVELOPMENTS
The current database consists largely of a collection of handcurated references supplemented by links to external data, all of which is supported by a simple SQL database schema. Our vision for the database includes a more interactive interface to the underlying data. Work is underway to implement a robust schema that will fully support complex queries. Using these queries users will be able to retrieve data from the Hedgehog Signaling Database according to any of a number of search criteria. A draft of the new schema has been prepared according to developing interoperative standards such as GO (25) and GMOD (26) . We are also actively investigating tools such as Atlas Integrated Database Interface (27) and SeqHound (28) which will allow us to mine data in a more efficient and automated fashion. We are continuing to update and add additional data while expanding our base of informational sources. Comments and suggestions are welcome.
